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@ Dynamo electric machine. 
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A dynamo electric machine comprises a permanent magnet rotor (16) rotatable within a wound stator 
(14), characterized in that the rotor (16) comprises a ferromagnetic body (18) supporting n permanent 
magnets (17) equi-angulariy spaced around the rotational axis of the ferromagnetic body (18), the 
wound stator (14) comprising an annular ferromagnetic body (19) having 1.5 n axiaily extending slots 
(21) defining radially inwardly extending poles (22) each pole (22) being encircled by a respective stator 
winding (24), the windings (24) encircling the first fourth, seventh, ...... , n - 2* poles (22) being 

electrically interconnected in series and defining the first phase of the machine, the windings (24) of the 

second, fifth, eight, n - 1 th poles (22) being electrically interconnected in series and defining the 

second phase of the machine, and the windings (24) of the third, sixth, ninth rf 1 poles (22) being 

electrically interconnected in series and defining the third phase of the machine. 
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This invention relates to a three-phase, permanent magnet, dynamo electric machine particularly but not 
exclusively a generator intended for use in a rail vehicle application wherein the generator is supported on a 
wheel-hub/axle assembly of the rail vehicle such that rotation of the wheel gives rise to relative rotation between 
the rotor and stator of the generator. 
5 It is an object of the present invention to provide, in a simple and convenient form, a three-phase dynamo 

electric machine, in particular a generator which can, at a relatively low rotational speed, generate peak open- 
circuit and peak full-load line voltages which are relatively close to one another (the generator has a low voltage 
regulation), and which can maintain such performance through a wide temperature range (for example from - 
40°C to +90°C). 

10 in accordance with the present invention there is provided a dynamo electric machine comprising a cylin- 

drical permanent magnet rotor rotatable within a wound stator, the rotor comprising a ferromagnetic body sup- 
porting n permanent magnets each of which has its polar axis parallel to the thickness of the magnet and each 
of which is disposed in the ferromagnetic body of the rotor equi-angulariy spaced around the rotational axis of 
the rotor with its length and width extending axially and radially of the ferromagnetic body respectively, and its 

15 polar axis extending generally circumferentiaily, the wound stator comprising an annular ferromagnetic body 
having 1 .5 n axially extending slots defining 1 .5 n radially inwardly extending poles, and, each radially extending 

pole being encircled by a respective stator winding, the windings encircling the first, fourth/seventh, t n-2^ 

poles being electrically interconnected in series and defining the first phase winding of the dynamo electric 
machine, the windings encircling the second, fifth, eighth and n-1 th poles being electrically interconnected 

20 in series and defining the second phase winding of the machine, and, the windings encircling the third, sixth, 
ninth, ...... , and n m poles being electrically interconnected in series and defining the third phase winding of the 

machine. 

Preferably the ferromagnetic body of the rotor is laminated. 
Preferably said permanent magnets are ferrite permanent magnet material. 
25 The invention will further be described by way of example with reference to the accompanying drawings 

where in 

Figure 1 is a sectional view of a wheel-hub/axle assembly of a rail vehicle diagrammatically illustrating the 
incorporation therein of a generator in accordance with one example of the present invention, 
Figure 2 is a diagrammatic sectional view of the generator of Figure 1, 
30 Figure 3 is a circuit diagram of the phase winding arrangement of the generator, 

Figure 4 is a view similar to Figure 2 of a modification. 

Figure 5 is a sectional view of a second embodiment of a rotor for use in the generator of Figure 1, and. 
Figure 6 is a section view of the rotor of Figure 5 at one stage of its construction. 

Referring first to Figure 1 of the drawings there is illustrated part of a wheei-hub/axle assembly of a high 
35 speed rail vehicle, in which a housing 1 1 secured to the chassis of the vehicle through a suspension system, 
carries a bearing assembly within which a stub axle 12 is rotatably mounted. The stub axle 12 extends to the 
left from the view seen in Figure 1, and at its end carries the rail engaging wheel of the rail vehicle so that the 
wheel can rotate relative to the housing 1 1 with the stub axle 1 2, and supports the chassis of the vehicle through 
the suspension system. 

40 The relatively stationary housing 11 has an extension 13 bolted thereto, the extension 13 generally being 

in the form of a hollow cylinder dosed at its end remote from the housing 11. Fixed to the interior of the extension 
13 and coaxial therewith is an annular, cylindrical stator assembly 14 of a three-phase generator. A shaft exten- 
sion 15 ts bolted to the end of the stub axle 12 and projects therefrom into the extension 13 of the housing 11. 
The shaft extension 15 is coaxial with the extension 13 and stub axle 12 and carries, within the confines of the 

45 annular stator assembly 14, a permanent magnet rotor assembly 1 6. It will be recognised therefore that when 
the wheel of the rail vehicle rotates relative to the chassis of the rail vehicle the rotor assembly 16 is rotated 
within the stator assembly 14. 

Referring now to Figures 2 and 3 in addition to Figure 1 , the rotor assembly 16 is cylindrical and comprises 
a plurality of permanent magnets 17 supported within a ferromagnetic body 18, the ferromagnetic body 18 being 

50 mounted on the shaft extension 15 which, as is apparent from Figure 1, is hollow. The shaft extension 15 is 
also formed from ferromagnetic material, conveniently mild steel. The ferromagnetic body 18 of the rotor assem- 
bly 16 is of laminated construction, corrtprising a plurality of annular discs of soft iron, or mild steel, having for- 
med therein a plurality of equi-anguiariy spaced radially extending rectangular slots. When the rotor body is 
assembled with the discs in facial contact the slots are aligned and define axially extending passages receiving 

55 the permanent magnets 17 respectively. 

Each permanent magnet 17 is formed from ferrite permanent magnet material and is rectangular both in 
plan view, and in cross-section. Each of the permanent magnets 17, in plan view, has a length equal to the 
axial length of the rotor body, a width which is equal to the radial extent of the slots which define the passages 
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in which the permanent magnets are received, and each permanent magnet has a thickness equal to the width 
or tne s ots. Furthermore, each permanent magnet is polarised such that its polar axis Is parallel to the thickness 
d.mens.on ,and thus each permanent magnet presents a north pole to one i^allyextonSrMjlaoBoftep^ 
« the iammated rotor body, and presents its south pole to the opposite radially extending face. M«££X 
S ° ° nentated lh3t circumferen «al.y of the rotor each magnet presents is face of one polari J to 

nTrth oo?2 th Same ° f " eXt adJaCem ma9net Thus a north 0° ,e of «■ P' asente She 

north pole of the next magnet which presents its south pole to the south pole of the next magnet and so on 

Lc^l ,T ma9 " 8tS 17 * UB 8Xtend 9enara " y circ ^rentlally of the rotor assembl. For convert 
ence the slots wh.ch recerve the magnets 17 do notbreakthe outer periphery of the body 18 although thick- 
ness c matenal between the radially outermost edge of each magnet and the air gap between the otor and 
the stator « very small. Moreover the radially innermost regions of the magnets 17 are close to one another 
c.rcumferenbally and are close radial.y to the central passage of the body in which the rotorThaftl reSed 

nLZ?:^ reSU,t V n SatUrati ° n ° f mat6rial ° f the b ° dv ^Jt^e radiallv «nnenno.t regions t h ' 
magnets so m.mm.s.ng flux leakage in to the shaft region and permitting the use of a mild steel or other for 

neodvmi!r difiCa H 0n ^"T " ^ 3 rare - earth P^nent magnet material, for example a 

< 0r ° n ma u na1, conse « uence of «» W9her energy of such material, the magnei can 

ferenfe U f "h??? * an ma9 " etS - The size M ™ «" be " or both cTfhe ctcum- 

nT m J 3 "' reCt '° nS 3nd thUS the radia,ly innefTnost snds of the magnets may be spaced apart mom 
man would be the case with ferrite magnets. However it would still be desirable to ZkiJetXSnSZ 

ZZ 9 Tl T ° r ° t0r b ° dy 3t 016 radia " y innet ™ st ends * *• "°dy to avoid the neea to mate 

ZZ7 a «l } 9 i 9 lnt ° C ' 03er P roximit y *« it -nay be necessary to effect other measures to 

Zte^^ ^T. 8 ' 8 "rcumferentially close to one another thus saturating the narrow inter- 
suchtatTe ends o fZT " P ° S3ib ' e t0 U3S * l ° in ™9 net3 3eated «" slots oLerted T-Iect on 

™„ ?! Stat0ra f embly 14 is 3nnular. and includes a laminated, slotted stator body 19, there beinq I 5 n eaui 
angutany spaced axially extending slots 21 denning between them 1 .5 „ equi-angulariy spaced poles S where 

C^TnLn ^ , ? 9 9 pemianent maanete 17 and eighteen poles 22. The stator body 19 com- 
Z th "pa" a ! d r ?f a r U,ar diSCS ° f mi,d S,9el 0r 60ft *mp«l. «■ otherwise secured ogether such 
md 1 mwa^v w I <l° . ^ ^"^ ThuS aach P ola 22 " as ^« dimension, and projcte 
J»d ^ eachTS t • ? ' T b3CkHr0n 23 WhiCh intarcon ^^ ^1 of the poles 22. At its radially innermost 
end each pole 22 has integral, oppositely directed circumferential extensions so that the area of each concave 

^eoTrr ' L " Pr r nted l ° rot0r 16 iS 9reater ^ cross-sectiona. ^JlT^^of 

pole T 2? Sfj ^ Semb ^ J 4 ^ l W T d Stat ° r 3SSembly ^ bei "9 an ^dividual winding 24 encircling each 
pole 22. The wnd.ngs 24 he ,n the slots 21 . and the eighteen windings 24 are electrically LerconnSed such 

e^nv X ^L en linS ^JT f ° Urth ' SeVenth ' temh ' ™^ and s ^ e ^ PO^rpectely are 
s x wTn^o^T ^' " T* 8 dSfine 3 npSt P hase - W ^ing. or arm, of the three-phase arrangement Z 

24 encircling the third, sixth, ninth twelfth iST and I? ( T,?" 9 " ^ a " d ^ ^ WindingS 
connected in series to constftute »» Really inter- 
electrically interconnected in * r f,nase - w " ain 9 or arm. The three phase windings, or phase arms are . 

in Figure 3. oonfigunabon. the winding arrangement being illustrated diagrammatically 

windings"^ ^ ^ fte three P hase «**«» °^ «» -r connected phase 

the housing exLnsion 13 " shou d h B ^ * ' S P0SSib ' e thatSUCh 3 reCtifier be P ositioned 

bly14^g e r™EM^^^^ 

spaced by 120° a is usuaf in ITL P k " ^ sinusoidal ' w « h the ^"eration In each of the three phases 

2 and 3 pulses o B nL«^ n ^ maChina - °" e 6Xample ° f a machine as illus1rated in L 

H J ;5 "S ^^ 9e "! : ad n . °" e ° f thS W ! ndin9s 24 are used to P^ide a control input for an antiskid braking 
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circuit line voltage of 8 volts when the rotor rotates at 29 rpm and a peak full-load line voltage of 6 volts at the 
same rotational speed. Thus the maximum voltage regulation does not exceed 2 volts peak line-to-line (33 %). 
This performance is maintained through a temperature range of -40°C to +90°C, and the construction of the 
generator is such that it can accommodate operational speeds of the vehicle up to at least 200 km/hr f 29 rpm 
corresponding to 5 km/hr. 

The generator producing this performance had the form illustrated in Figures 2 and 3 and the following 
dimensions:- 



10 Stator outer diameter 191 mm 

Stator internal diameter 138 mm 

Number of poles 18 

Backiron thickness (radial) 6 mm 

15 ■ ' 



20 



25 



30 



35 



40 



45 



Pole thickness (circumferential) 7 mm 

Circumferential gap between pole 3 mm 
tips 

Pole tip taper 3 mm to 1 mm 

Stator winding turns 69 per pole 

Stator winding wire diameter 1.06 mm 

Phase winding resistance 1.05 ohms/ 

phase at 90°C 

Rotor outer diameter 137 mm 
Rotor internal diameter 41.30 mm 

Number of ferrite magnets 12 

Magnet polar thickness 11 mm 

Magnet x-acliai dimension 43.85 mm 

Thickness of rotor body 1 mm 

outwardly of magnets 

Circumferential gap between 1.5 mm 

magnets at radially 

innermost ends 

Axial length of stator, rotor, 50 mm 

and magnets 



In a modification of the machine described above the stator poles are split poles in that each comprises a 
pair of circumferentially spaced, radially extending, individually wound parts, the two winding parts being in 

so series and together being the equivalent of one winding 24. Such an arrangement is shown in Figure 4 where 
the rotor has six magnets 17 and the stator has nine poles 31 to 39 respectively, each of which is of two part 
construction, the two parts being indicated by the suffix a and b. Figure 4 shows one phase winding comprising, 
in series, three two-part windings 41 , 42, 43 each of which is associated with a respective split pole 31 , 34, 37. 
Thus winding 41 has a first part 41a wound on one limb 31a of pole 31 and, in series, a second part 41 b wound 

55 on the other limb 31b of pole 31. The same winding arrangement is employed in relation to the poles 34 and 
37, the two parts of each winding 41 1 42, 43 being connected in series and the three windings 41 , 42, 43 them- 
selves being connected in series to define a phase winding. The poles 32, 35, 38 will be similarly wound to 
provide a second phase winding as will the poles 33. 36, 39 to provide a third phase winding. 
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c Dn £nZn^ dlm ^ ° f V 0 ' 0 ' iS ShOW " in Fi9ure 5 - The rotor 50 of this embodiment is suitable for use in 

c osstcZ'ofSH * e nUmt : er ° f Perma " ent ma9netS 5Z Each slot 56 is similar «d shape to he 
a Diurant^ for „ * J fT™' magn6t 52> and the annu,i 54 are arran 9 ed » the slots 56 align to fZ 

Ea Sh 2 S St"''" 9 PaSSa9eS ' 6aCh PaSS39e receivi "9 a res P^e permanent magnet 52 
stater of thi ? ? 13 ° Pen at itS radia,ly outermost e "d, in use. to the air gap between the rotor and the 
tT,rl » yn r 0 ' by WaV ° f 3 Channel 5a The width of the c hannel 58 is less than the width 0 °the slot 56 

t:;:zx 9 escape ' radiaily oMly ' of each pem,anent magnet 52 from * -p-^ 

52 am «,,.nn™taH J ■ T u s 56 al ' 9n and form Passages in wh ch permanent maqnets 

bodv so f3edt' H r J? m9 , h6ld t09ether by dampin9 or we,di "3- ™ e «** Periphery o Z rot 

magnet motors The consSon il uStn ^ e ^^.cmachmes and thus can also be used in permanent 



CSalms 



1 ^r,"^S^r' ne " C ' am 1 a "" ,ae ' tea " M «» «-™-.n. fc body o, te 

* nzzzsz oT-iX^n an> r " 116 prera * 9 - *" — b "* - <- 

ro.or (16). ' h ' n P 85 ™^' " rt »" d »< 1 «» feTOm.gn.0c body (10) of lb. 
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